In recent years, the numbers of patents have been devoted to the development of rough pipes. The technique theoretical settlement determine of factor of hydraulic resistance for round pipes with rough walls is developed on the basis of a principle of a superposition of complete viscosity in turbulent a layer mainly distinguished from the existing theories. The received results of account for the extended range of determining parameters much distinguished from appropriate given for round pipes with turbulizers, specify a level и intensification of heat exchange.
nipulating mode shape parameters [10] . In his stratification takes place four flow regimes: laminar (for small Reynolds numbers, regardless of the roughness that occurs in law Poiseuille) turbulent flow (for intermediate Reynolds numbers, the law of hydraulic resistance for smooth tubes) turbulent flow (for intermediate numbers Reynolds by hydraulic resistance, which is a function of the relative roughness h = h R 0 (the ratio of the average height of the roughness to the radius of the tube; D = 2R0 -а larger internal diameter of the pipe) and the Reynolds number) for self (at high Reynolds numbers by a factor of hydraulic resistance, which is a function only of the relative roughness). At sufficiently high relative roughness is eliminated the turbulent regime with regularity characteristic for smooth pipes. A similar situation occurs for tubes with turbulence [1] [2] [3] [4] . Liu discussed the anti-drag protecting agents move the turbulent heat transfer property of the pipeline to laminar flow heat transfer property [11] .
For tubes with a relatively low surface roughness height of the projection asymptoticbehavior of the flow resistance described by the known empirical relation Nikuradse:
The dependence of the hydraulic resistance for rough pipes, not only on the relative roughness, and the Reynolds number ξ = f h R 0 ;Re , described by the empirical formula is the best way Colebrook, which can be written as follows: 
Thus, in the empirical correlations for the coefficient of hydraulic resistance of flow in rough pipes a logarithmic velocity profile.
Hydraulic resistance coefficient for flow in straight circular tubes is determined as follows:
where Δp -pressure drop; d -diameter; L -length of pipe; ρ -density of coolant; w x -average expenditure speed; w * -friction velocity. 
Consequently, for the integration of the last expression is necessary to determine the velocity profiles 
where δ = 7,8 -constant [12] [13] [14] .
The equation of motion in a straight circular pipe roughness can be written as follows:
where i ν i -full kinematic viscosity; τ 0 -shear stress at the wall.
Full kinematic viscosity based on the superposition principle is the sum of molecular viscosity, the turbulent viscosity is independent of roughness and depends on the distance from the wall, the turbulent viscosity, depending on the roughness. We must now derive formulas for the total of determining the coefficient of kinematic viscosity.
The molecular kinematic viscosity is determined by the properties of the coolant and is ν.
The turbulent kinematic eddy viscosity in a circular tube, which is independent of the roughness can be postulated as a function of distance from the wall of the tube follows. Turbulent kinematic viscosity ν т l determined as the product of the mixing l the characteristic speed-dynamic speed on the current radius w * l : ν т l = l ⋅ w * l (9) The mixing l can be postulated as follows:
where a = 0,39 и k 0 = 0,97 -constants [12] [13] [14] .
Next, we have to express the dynamic speed of the current radius w * 1 through dynamic speed on the tube wall w * : w * l 2 = w * 2 1 − y
therefore: w * l = w * 1 − y (12) or
Given the relationship Given vyshepredstavlennye relations, we obtain the final expression for the turbulent kinematic viscosity ν т l , which is independent of roughness:
The turbulent kinematic viscosity ν т h , depending on the roughness is determined by the product of the characteristic length L the characteristic speed -dynamic speed w * l at the current radius:
Under this theory focuses mostly pipe roughness equal height h. In fact, there is a certain roughness height variation. Experiments show that with small dispersion σ (standard deviation of the average) roughness height holds a rather abrupt transition from the smooth pipes to the regime of rough tubes, with large dispersion will be as mooth transition, since there will be a gradual withdrawal of the roughness of the viscous sublayer in the thickness of the wall layer. The characteristic length L for the kinematic eddy viscosity, which depends on the roughness for roughness height is equal to:
The final expression for the turbulent kinematic viscosity ν т , which depends on the roughness:
Hence, the equation of motion in a straight circular pipe roughness (8) becomes:
In the future, should write (18) in the dimensionless form:
which for convenience should be rewritten as follows: * Integration is performed for the two sub-layers: 0 to the boundary of the viscous sublayer δ , for which a constant ≡ 0 and from the above limits δ to 1, where = 0,39 on the boundary condition soft closing * = δ.
Hence, the equation for the coefficient of hydraulic resistance in rough tubes can be written as follows:
After the integration and mathematical calculations, we obtain the final equation for the transcendental of determining the coefficient of hydraulic resistance for round rough pipes: 
where erf ( )≝ 2 π 0 exp − 2 -Gaussian error function (integral probabilities).
In the future, should make calculations of hydraulic resistance for pipes with rough walls on received in the For a much wider range of heights roughness values of hydraulic resistance for round rough pipes are given in Table 2 and Table 3 , in which, for comparison, the only similar relevant data, calculated by the empirical relationship
Colebrook and values of hydraulic resistance for a smooth pipe from the empirical formula Filonenko. For clarity of presentation in Table 2 The discrepancy between the solution for the hydraulic resistance for rough pipes, obtained in this study, with the decision based on a logarithmic velocity profile is of the order (1015)% for the relatively high roughness height at low Reynolds numbers, with a decrease in the height of roughness and an increase Reynolds discrepancy disappears. In the future, it is necessary to conduct a comparative analysis of the estimated values of hydraulic resistance for rough pipes and tubes with turbulators other things being equal (equal heights roughness h/R0 and turbulence, the equality of the Reynolds number Re). Table 5 the values of hydraulic resistance for round rough pipes, calculated as on the developed theory and the empirical formula Colebrook, which are compared with experimental data for pipes with periodic transverse in turbulence flow in circular pipes [1] provided h/R0 = idem и Re = idem (h/R0 = 0.010,13; t/D = 0, 251. 00; Re = 10 4 210 5 ); for comparison the hydraulic resistance for a smooth tube, calculated from the empirical formula Filonenko. Comparative analysis of the hydraulic resistance in rough pipes and tubes with turbulence presented in Table 5 show that for small relative roughness height 0 = 1 100 pressure drop in rough tubes at low Reynolds numbers is about the same as in the tubes with turbulators equal altitudes throughout the range considered the relative pitches between turbulence and at high Reynolds numbers-about twice as much. Hydraulic resistance of rough tubes with large relative roughness height for the remaining cases-for small, medium and large steps between turbulence at low and medium Reynolds numbers, as well as small and medium-sized steps between turbulence at high Reynolds numbers-always much lower than for pipes with turbulence, other things being equal, (h/R0 = idem и Re = idem). For very high roughness height 0 > 1 10 hydraulic resistance of rough pipes is much lower than for tubes with turbulators other things being equal for all the considered range of geometrical parameters of turbulence and flow regimes coolants (h/R0 = 0, 110,13; t/D = 0, 251,00; Re =10 4  210 5 ).
The data in Table 5 4. Theoretical solutions obtained in this study showed that the increase in the relative values of the transactional hydraulic resistance  /  SM for tubes with very high values of the relative roughness makes a significant contribution to the increase in the height of roughness h/R0 , and an increase in the Reynolds number Re.
Comparative analysis of the calculated values of hydraulic resistance in rough tubes with similar
experimental values for tubes with periodic transverse in turbulence flow showed that the rough is very large relative roughness height hydraulic resistance is always lower than for tubes with turbulators other things being equal, a small, medium and largeheights found the limits of their approximate match other things being equal: the smaller the Reynolds number Re, the greater should be the relative spacing between the turbulence h/R0 . 6 . The main advantage of the solutions obtained by the theory developed in comparison with empirical dependencies is that they allow you to calculate the pressure drop in rough tubes for large and very large relative roughness height including for large Reynolds numbers, which is typical, for example, for small diameter pipes.
7. Result of the calculation of hydraulic resistance for round rough pipes for an extended range of characteristic parameters that are significantly different from the corresponding data for round tubes with turbulence, indirectly indicate the level of heat transfer through the use of rough tubes instead of smooth.
